Recently, a new "type-II" Weyl fermion, which exhibits exotic phenomena such as angledependent chiral anomaly, was discovered in a new phase of matter where electron and hole pockets contact at isolated Weyl points. [A. A. Soluyanov, et al. Nature 527, 495 (2015)] This raises an interesting question whether its counterpart, i.e., type-II Dirac fermion, exists in real materials.
much attention in condensed matter physics recently because of the discovery of threedimensional (3D) Dirac and Weyl semimetals [1] [2] [3] [4] [5] [6] [7] [8] ). The calculated lattice constants are a = 3.784Å and c = 5.107Å. The atomic structure of PtSe 2 is shown in Fig. 1(a) . PtSe 2 is a periodic stack of layered basic building block with weak inter-layer interactions. In each layer, Pt atoms are sandwiched by top and bottom Se layers, whereas two Se atoms are related by inversion symmetry. The bulk and surface BZs are shown in Fig. 1(b) , where high-symmetry points, lines and Dirac points are also indicated.
We first obtain the band structure of PtSe 2 without SOC as shown in Fig. 1(c) . There are clear band crossing features near the Fermi level along the Γ-A line. As the two valence bands belong to one-dimensional (1D) irreducible representation (IR) A 2 and two-dimensional (2D) E, respectively, the two bands can simply cross each other without opening a gap. We also check the band crossing along the in-plane S-D-T momentum path (see Fig. 1(b) ). As shown in Fig. 1(c) , the doubly degenerate E band split into two bands as the symmetry decreases in this line, hence the band crossing is actually a triply (or sixfold if the spin degree of freedom is considered) degenerate point, which rarely appears in band structures due to the restriction of co-dimension 24 and can be regarded as a new fermion 28, 29 .
Due to the strong SOC of Pt and Se, including SOC in our first-principles calculations leads to a dramatic modification of the electronic structure as shown in Fig. 1(d) . In the presence of SOC, originally degenerate E bands along the Γ-A line split. However, the band Table. I.
Interestingly, there is a band inversion in Γ-A between the third and fourth valence bands (labeled as v 3 and v 4 ) with opposite parities, which indicates nontrivial Z 2 topology. We then perform a direct calculation of Z 2 invariant using the Wannier charge center methods 32 , and find Z 2 = (1; 000) for the subspace spanned by valence bands below the v 3 band (i.e., the v 4 band and bands below it) 33 .
From the above group theoretical analysis of the bands, we can clarify that type-II Dirac points exist in the PtSe 2 band structure. In order to have a direct visualization of the tilted Dirac cone, we plot the 3D band structure on the k y = 0 and k z = k c z planes around the Dirac point. As shown in Fig. 2(a,b) , the two crossing bands exhibit linear dispersions in the vicinity of the Dirac point D along both in-plane and out-of-plane directions. Moreover, the Dirac cone is strongly tilted along the k z direction, and consequently, a part of the upper cone becomes lower in energy than parts of the lower cone. This unique tilted Dirac cone, which is substantially different from the conventional ones in type-I Dirac semimetals, such as Na 3 Bi and Cd Fig. 2(a,b) shows the iso-energy contour of electron and hole pockets when the chemical potential is shifted to E D . It is clear that the Dirac point appears as the contact point between electron and hole pockets in the k x -k z plane (Fig. 2(a) ). While the pockets shrink to the single Dirac point at the k z = k c z plane (Fig. 2(b) ). This can be also seen in the evolution of the 3D iso-energy surface as the chemical potential passes through E D . As shown in Fig. 2(c) , when E F < E D , there is a hole pocket with three-fold rotation symmetry at the center of the bulk BZ. The electron pockets are divided into two parts: The inner one consists of two half cones which disconnect with the hole pocket; whereas the outer one has the lantern shape surrounding other pockets. When the chemical potential increases to the energy of the Dirac point E F = E D , the hole pocket touches two inner electron pockets at the Dirac points as illustrated in Fig. 2(d) . Further increasing the chemical potential disconnects the electron and hole pockets again, and the hole pocket vanishes gradually (see Fig. 2(e) ).
Evidently, the iso-energy surface evolves rapidly and undergoes a change in topology (i.e., Evaluating the eigenvalues
we get a pair of
), which are nothing but just the two Dirac points on the k z axis discussed above.
As we only concentrate on the vicinity of each crossing point k c , we choose k c for reference and define q = k − k c = (q x , q y , q z ). By expanding the Hamiltonian near the reference point and keeping only the linear order terms, we get
with
where σ 0 is the unit matrix and (σ x , σ y , σ z ) are Pauli matrices. The linearized Hamiltonian around the k c point is nothing but the 3D anisotropic massless Dirac fermions, which can be decoupled into two Weyl fermions with degenerate energy. The energy spectrum is
Inserting the parameters obtained above into the formula, we can clearly see that T (q z ) > U(q z ) along theq z axis.
Hence, the Dirac cone tilts strongly along thek z direction, which causes the Dirac point to appear at the point where the open electron and hole pockets touch 11 . The Dirac points in The iso-energy surface at E D of the (001) surface. arrows) between bulk bands at the (001) surface as shown in Fig. 3(a) . By investigating the evolution of the surface states of PtSe 2 under uniaxial strain, we find that the two surface states start from continuous bulk states, disperse upward, and merge together at the projected Dirac point (for details of the calculation, see the Supplementary Materials 31 ).
The iso-energy surfaces at E F = E D make it clear that the two surface bands are located in the gapped circular region of the bulk-state continuum (Fig. 3(b) (001) surface (see the white arrows in Fig. 3(a) ). 
